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, .

Teachers ar finciing that the Computer is a new educational resource but',

'I j -
atiOnal respurdesl, that-Must be.properly underptoOd.and \

,

A STDDY'OF tONPUTER SIMLATIONS FOR .

ENVIRQNMENTAL SOI6CE EDUCATION

Douglas,Dirks,"Ted Singletaty and Bruce Hicks

1

Preface

one, like other

managed. Unfortunate ,'the.Oomputer is'often an unfamiliar.reeource and often

under- or over-aPpreciat d.

The authors,'in writi thia-faper sought to adswer father specific

'question of teachers concerni g'computers'as,an educaticink retioUrce.

qugstion is -"What must be dOne ,y the.teAcher Or Curriculum advisor in.preparation
.

.

Jor effeCtive ilse'bf CoMputerdAi lations by science and social studies classes?"
..:

,
I

_..
.

The discussion in the paper applie .4irectly rtcscience education (and less

...

.-directly to sttcial studies, educati ) and treats that open-ended, responsive

initructiona/ Avplication of comput rS.known Eti )'simulation. e belleve that

the questiouand much oethe discuss ton of it is relevant also to other

subjects and other mpdes of instructional application of computers.
,

r,

We.are.indebted to the Institute f Environmental Siudies at the University
... ,

of.Illinois for their financial.support Of our.stuply Of social and:environmental
,

'Science education and for technical adv cert-y the 'staff of the Institute-. We

also wish to thank Professor Roger'Brown,for

.

s advice and encouragement.
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. ..

.

The.Hunting simulations are one of fhe luable instructional applications

-of computers.. They includ.both computer prograu and associated off-line
- .

materials for thete cher and for the .students. ese materials are therefore .

a good basis for a Oa eful examine ion of the uses f simualtioris in
.,

.
.

environmentak science classes:

- ,

Our examination goes b ond the HUnEingfon mate.ials in several resPects.

We.deVelovdetalled guid finis for the ourriculud pl nner and (separately).
\

for the teacher for them to:use in cho sing a siMulatiOn ihat is sUitable for

&given class And fnr utilizing ie iilation effectively With the cleat.

Ille, Huntington simulation POLU is\used fs an example throughout,the

, discUssion. Many desirable mddificati ni Of',.the POLUT program and its.
. .

associated'materials are described; and role-pfaying game is outlined
. .,

.
1-

that will initiate consideration by the stplenfs of the Value orientations

\that affect-decisions about water pollution or other environMental issues..

\ .

-r



. The Develo merit of Environmental C uter Simul tions

4b.

For Classroom:Use

From the time of it's,inventicn, men have tried to.expa d the uses for'

the "Analytic Engine" or computer. In particular the compu er's abilities to

..
store and-recall lilt amounts of information and to leice inn Complex computations,

in a short period of time-suited i't to tasks which -had fonn4rly !ken done only
,

I

1,..

through ths efforts pf large nunbers of persons. 'Many schols were ready to
4 ,

incorporate new technological advances, and being endowed !With both firge
,

amount6 Of informatidn a short amounts of time, turned enihuifasticallyAo
,

.

the use of computers.
f

1--:
I

?-,
0

.

Initially Computers we e used for the mundane, but important1. tasks like ,.

i

, payrolla, inventories' student records and class;scheduling. 'But soon fhe use.
. f.."

of compuers penettOed eVett, -Intd"the classroom itself. i!it first alpo the

. . ,

. .

,

instructional uses of Computers were confined to the presentation, primarily,/

of drill type. work. Computers became.the "ultimafe.gimmick," to be usel Wtth

students.whose interests could not be won by more conventional educational a.
\

methods. However, outside the maAstream of public education two movements

,involving computers were developing which were to be combined into a hew and

more powerful use of computers foredupation.

,

NThe first of these movements was the use of computers.to control s mulator

.Originally for use in pilot.flight training:. A complex range Of'possible
8

1

situations could be progranmed to.give stUdeelts a feel of actual flight

conditions, butwithout the.eXpense or, danger. The use of comOuter assisted

simulators reached it"s peak in the American space program, as described' by,

astronaut ...Edward Cbllins.
.

He likens the processto that of preparing someone

- who has'never ridden in a carbefore acid Will drive from Los Angele6 to



\'
ft

/

San Diego, encountering various crises, such as high.speed blowouts, along ihe !

way. The simulator or tile Apollo crews cost millions of dollars.and was

maintained by hundreds of people working three shifts a day, seven days a 1`

3.
week.

A

The.other movement was the development.of computer.models and simulations°,

. of other complex situations. A model is an analog of 6 existing or conceivable

system. A simulation is the use Of one procesq to model a second process.*

(A SimulatiOn is therefore a special- type of intl.) .In computer siMUlations
.

the first process is the perationof a table

with the interactions of few people (students, scientists,. economistspetc.)
, ,, .

.. sui. computer program, together

with the computer. The econd process, the one that ismodele*, maTcome from

'Such areas as economics, population dynamics or ecology, for example. Tfie

second .progess Often involves the int raction of many components, SuCh as'

companies-8r groups of people, and therefore involve many factors and relationships.

Computers have allowed the developmen models and simulations, represented

by.the correSponding complex mathematical relationships.describing Arch processes.

Theit'modela allow diories tp be tested Or possible uture outcoMes to be

.,

predicted. These models are, of course, not perfect, f r the areas involve

too many variables to be harialed with certainty'. 'lhis Point.ii made clear by

the'ialithors of one of the larger modeeS, the World Simulation, used by the Club

Of Rome and discussed in the'book, The Limits TO Giowth.? However, eyen though

thel simulations using these models are not perfect they can be used/to giVe

glimpses of developing trends or movements.
14.

Computer simulatiuns have been particularly useful in the burgeoning field

of ecology or environmental Science. ,The multitude of factors present io any

* Our definitions of model and simulation are baged upon the discussion by
Schultz and Sullivan (Chapter 1 in Reference 7.).

4
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.r
environment or ecosystemprecluded any thought of modelitig befOre the development

pf:'computers. Even now only4 portion of the variables can be programmed
,

' into a model, but.many models have been d'evelopoOthd ate being uSed.as'devices
:

.
. t

for analysis and for'prediction of possible ecological outComes. The Metro

. 4pex program developed at the University of Mithigan'and in Use at the .
., ,

, -v , . 4.
Universit of Illinois himulates the problems of urban air'polution. Many--__.

prograis.have been (*eloped tO study water quality or
. .

changes in' aquatic.systeMs,
.

,

. .

S. ,
OS

and one of thk simple ones; POLUT
15

', will be of special interest to us in

this paper.

Medical scirefols weresamong the first to make use of digital computer

simulations in education (See Reference 12. and severil papers cited the0.)

\The simulations give medical students practice in the development ot dityostic
..

technique. While the title of simulations should.not be considered a surastitute ,

for direct clinical eiperienc d. by medicat students,.simulationS can bili, useful
A

where students in medicine or other fieldp are-prevented from getting such /

t i

experience by one circumstance-or another.
. ,.....

L. Braun lists a number of\factors which make the use of simulations an
o

.
. .

. *
acceptable substitute for or even preferable to more direct studedt experience.

1

,

1 a

These include such things as the cost of'the necessary equipment, danger to,the
1

Vudent, th4 difftculty of the techniques necessary, difficulties in obtainihg .

reliable samples, time scales that areeither too long or'too ahort and the

inability to e)cperiment arectIle. Each of theseJould be an adequate_teason

for the use of. environmental ^(äs well'ap other) simulations for educational
oval,

1
purposes.

---isnrenvironmental simulations for.classroom use exist. Some of these are.
)

board games. EXTINCTION, THE'POLLUTION GAME, THE PL4NET MANAGEMENT GAMeand

ECO-ACRES. are examples of these.*..0ther simulations ilave been develOped for

.* See...Resources. 8

'or.
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Use,on a specAfic,.graphic display Systep.)--"SURVIVAL by Steven Petak of the
_ .

Univeriity of Illinois is a good exabople of this type of simdlation."'

SURVIVAL is designed to make use of the exceptions/ diSplay facilities of
,r

A

the *PLATO system.* Unfortunately this'system.is,not gen ally available to

school systems at this time.

A third clasp of simuiation program is a more generally usf 1 type.

These simulations atre USUally written for Use.with a teletype (or s lar)

display system and in the RAM language, both of which are more generally
_

often availaill in school than is PLATO. The computer programs for the
4

simulations a e moaest in size and can be run on any modern mini-computer on,.
h ,

time-sharidU system that supports BAS#C. The Huntington IT project hai develOped

%
selimpee simulations of this type that' are/ environmentally oriented. These

ielude, among others; USPOP, which deals with population dynamics and demography

in the United States; BUFFALO, which covers animal qierd management;' and

POLUT, which deals with matar pollution of lakes and rivers. Each of these

,simulations comes as a package which includes, in addition to: the isrogram

itself., a Resogrce Manual, a Teacher's Guide-and a Student Handbook. Yet,

even. though these simulrefoni are mell-Tpared a documented, there are still

problems i4 lAing tfiem in a classroom situation, The nature of these problems

and.of elatea questiolt can best be shown by using an example.
,

. ..
'The POUT simulation was one of the first programs deVeloped 1)), the

Huntington.II project.** -It is being used in many schoolrystems throughout

4
the country. Basically the programallows-the'student to vary five parameters,

A large number of simulationg have been developed on the current PLATO IV
Vsystem and earlier PLATO systems in the Computer-Based Education Research

Laboratory at tht University of fllinois (Urbana).

** Our Past studies of POLUT-are desgribed in Appendix A.

/



(the type of bady of water, Ihe water temperature, the type of waste,
_

amount of waste and the type of treatment) to produce a given,pollution situation,

and the program determings how.the waste level and disdolved oxygen levels

. .

change over a period of days. This information'can be 'displayed to the st

in the form of a table or a graph or both.

ent

: .

,*The Resource Manual giVes, very bd.iefly and generally, an introducti6d
A

to water quality and the effects of each of the,parameters that can be changed.

It also includea examples of the environmental uses of si;dulat ns; a list of
Z

reftrences,ddaling with water quality; some daaa from sampl runs; a short

discussion of the simulation model and the assumptions upon which it is
.

based; and a listing of the program code.

,The Teacher's Guide for the PGLUT simnlation includes a description of
or

Ale POLUT-program along wi91. acceptable ranges for Che parameters that ca;

be input. It also includes a listing of the rationale and goals of the unit;

some suggested activities to'prepare thestudent to use the simulation

r
.-effectively; sgme.follow-up questions eb be usedfor class discussion; and-some. -

suggestions for the actual use of'the program in the class.

The Student Workbook contains questions th

1
t are designed to be answered

y the student using the POLUT simulation and can give a student an idea of the
...

effects of varying-the five paramets . Also included are a few open-enaed
f

_

questions which require ihe student to make judgments concerning various
, (-. .

alternatives.

We see that there is quite a ringe of materials,for the eacher to cover

'before poLq7 is used in the cllisroom. A teacher should plan regular use of

sUch a computer-simulation for a class-ohly if such materials are already*

tiwell-developed and available for use by himself and the class.

(-
L

/.'

* Exploratory and, ex erimental uses of simulations are often.advantageous; hawever,
il they ate up& taken with a few students while the off-line'materials and..
manuals are aril being developed.

.

-k,

1
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Even ugh the materials for POLUT,or other simulationi are NJell-developed,

both the cher:and the curriculum supervisor need plans,to.guide them ill the

. ...
AlliCe an the effective utilizatiOn of computer simulations by the students.

)SectiOns I hil'd III of this paper discuss a meihOd cif planning that takes the
..

. ---.. . .-- , t

form.of o e setof kuideli s for the Curriculum planner and .a second'set of
4 fi,i:-i.- ,

. . . .

..guidelin s. foi.70.e.cseacher..- These guidelines maEO it!elear.that a group -

effort a necesiary often inVolVing several/teachers and the curriculum
... ,

, ,
s)

planne -together with a few advanced students., if the choice andk,utilizaiion

of simUlations are tolbe suCCessful.. - :

.: 7 .

1

.,
. . .

The ?MUT materials, the oft-linemanuais and the program itself, could.
. ,

. '"' . ' 4.
. a

I.

be used as they:are with some\degree Of effectivenessi. It is our Oeling,
,

howeVer,' that some modifications of the materials are necessary to. maximize
....._e

- ,
_

.

the effectiveness of the potia unit.4,0f Courae,"the flinal decisions. concerning-

'

modifications.and modes of use.of,.,this or any other simulation should be left

. ,$) .

to the teacher and curricu um planner who ia ilye responsib for specific
.--

...1

classe0,--.We hope that.such degisions wll be aided by the Guidelines discussed
.

. .

f

in Sections II and III.

;

One type of modification we suggest has to do with the- te4mical content

of the simulation_ 'We reviewed the POLUT materral withthehIlp of experts

in water.quality, compilter-assisted instructial and liassroom teaching, and

compiled a list of modifications which we ihink's)loula be includ4d by any

.,

users of the POLUT unit. A list of these modifications is givan in Appendix B..
,

A secondtype of mddification id-suggested by the-relevance of both social
7 fita

.
.

science and the environmental sciences to POLUT. The students' study of
\..

POLUT or, ind ed, of many-other simulations:are incomplete unless the'students

4 l

analyze soci 1 studies'topics. (Who makes deasions? What values are the basid

"4.

b.



a

A

_of the decisiond?,etc.4 as well as those specifically derived from Science and
. a

engineering. We therefore lanttined a role-playing game (see Ap endix C),
..

that introdufts one of-thd relevant social studies topics, that bf values

orientation."

'.

S. A :

7).

.1 2

0
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GUidelinee for the 'Use-'61-0oMiuttrIimulations
..

. .
, ..

.. . . , .
.. .M ', .., .

I. , , .,
$ . 1

; 8,7 (
4. .-Many 1..0 e Udation feel that 'co6OUter aimulattohs reppiselitrfhe.aihgle, ,

1,- . . . . .. .

, .

Pr . ,. .., .

,

. ,
\.:

Most ese.iting.Instructibnai applicatioh.of computers'. Neaily'106.tomputer . .

. .

.
, ..

P,. ;

.-.1/T---

. , . simulations aie, Lartady available eommercfallyl, and gOured.of others are being.,

.. 4q.ttlorpr p Arat:e *lie. 'As the number of'clarp3room computer.proliferates,
N.

and interest in simulations is maintained, the.number i
. . .

er simulationá
-

- 'will grow dramatically. With the dramatic increase in this mediUmcomes the

need for a plan that will help tbe teacher to exploit the pote"ntial of those
. A.

computer simulations that; in his judgment, have instructional merit.

,

The authors of this paper propose that just as effective simulation writing,
z

involves a team eefort, effeciive simulation Use elk, requires a group effort...

Subject matterispecialist2, who can evaluatedthe content validity of the

Simulation,'are vital. -Cuiiicuium pfinners, who make curriculum administrative

decisions, are significant contributors. Teachers, who makeinstru1tional

4ecisions, are imi)ortant. Finally, students), who make hundfeds of learning decisions

during their use of simulations, contribute valuable inpit. Tbe efforts of .

this team can help the teacher to realize the maximum educational benefit ofz.

the computer simulation. i
inif:

r

The teacher is the central figure, since he not only serves on the team,
, .

.
. .

but also orchestrates classroom aqxivity. The authors affirm the autonomy of

the teacher in his instructional decisitn-maki4 role. We respect hismaisht

to select and sequence those media, materials'and learning activities that is':

.4

him seem most arpriaie for his students. We accept the fact.that theiteacher,

for a variety of reasons,-mo:Vdcide not to use,g. resource even though it

',..may have bern proven toibe effective In classes other than his own. Wejurther

accept the fact that iteacher, out of ignorance and lack.of planning, may



o . I .
--%

fail tueXploit.the instructional potential of a res&irce that he does decide
. .. . .

. -.' . , .

. .

-.

*us I s to thIsl. ast 'problem, as it a ies to computer simulations,
. .

s

A4cirdia: nurseltgal-

I

cOMpUter.si4uilation 'is an instructional tool,' th any *tool, the more

the user'knows about it, the better04 is able to use it; th lesahe knows

about its use, the less satisfactory hia results. We.contend thatthe more the
1

teache knowf about the computer simulation--iti design, recommended uses,
.`

Intended utcopes, etc.--the better use he will make of it.

The guidelines desdribed,in Sections A and B are designed to help the team

10!
members collect information about a specific computer simulation. Some of the

data.may be found in the off-line'imsterials. Other data must be provided by

members of the team. In the authors' view, the guideline questions must.necessarily

be asked.and answered for each simulation considered for instructional use.

11(j

Several systems are already in Print which enable4eachers and planners

to evaluate and compare textbooks and other instructional media
13

T e

guidelines may be donsidered as a similar tool, specifically intended for the

evaluation and comparison df computer simulations for environmental education.

Section.A of the guide is to be used by the curricullm planner. The

curriculum planner is one or more steps removed from the classroom (e.g., he

is a department chairman, district coordinator or curriculum director). He is

in a position to make administrative decisj.ons about the curriculum, and to

provide support services to his staff. One of his responsibilities is to

recommend certain computer simulations to his staff. 'Ano t her responsibility

isto provide his staff with data about the computer simulation that they may

be'ioo busy to provide for themselves. 'One method of transmitting the

information is through Section A of the guide.

.9

1,1

(
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Before completing Section A, however, the curricUrum 'planner will want

to Pe suri that his teachers actually intend to use the simulation.Otherwise

his effort will be wasted.. The curriculum planner can accomplish this by
;

meeting with his'teachers end viewing with ehem one'or more Computer.simnlations

before he employs the guide. Re Can then .1.47est pis time in only.those

simulations to which bds teachers commit themselves.

. Section B of the guide is *designed to be used by the teacher. ihe

questions require him to calr to miid importantralements in the clasiroom

setting. These data, together with the data prepared by the curriculwm

planner, enable the teacher to make reasonable decisions about the be4%onse

of the computer simulations for his students.

'Briefly, the steps for effective use of a computer simulation are:

,t
1. A team is formed of curriculum planners subject matter specialists,

. .

teachers and students.

2. The'team meets to view one or more computer simulations. Togethar

they decide whether any of the simuldtions.has potential for instruction.

in the area for which the teachers are responsible. Those with-

apparent potential iieturned over to the subject matter specialiat.

3.'4he subject matter specialists establish the content validity Of

the simulation. I
9

4. The team decides how the computer simulation will fit into the,

curriculum.

5. The curriculum planner evaluates the computer simulation package,

using Section A of the guide. The planlier provides data that is

not presently in the simulation package.. Of course, the teacher

may use Section A if,h6 has-t nterest and' time to do so, or iflie 51:

\\)he has no team with which to work.

15
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6. The cuzriculua planner passes the data he has gathered to the teacber.

VI

The teacher then completes Section B.of the guide.

7. The teacher compares his reiponse to Section B Oith-the accompanying

-
data from Section A. On the basis'of ty.sinformation he decides

bow to use:the.on- and offIline.materials.that cnmprise the computer,

Sieul,itton package.
.

8. 4kt,the conclusion ot instruction, students provide fatback for the /-

teacher who will modify his instructional strategy the next time

he uses the computer simulation.

9. The teacher in turn provides feedback to ihe Cuiriculum planner

who may alter his response to the.guideL or change tile on- or

offAine materials.

TheNesuide1inea, including Sections'A and.B, have bean generalized-from

-

theleuthors' libith experience With a ainfele computer simulation-40LUT. In
--, .

addition, they have'beeir generalized fOm the nontext'of environmental science

educ*ion. Some users of the'guidelines may find the questions are specific

only to POLUT;' or to environmental science:. Other'users may sense that the

guidelines are suited to a particular leVel of instruction, for we had high

school leachers in mind when ve wrote it.' Still others may feel that vital

questions are misaing from our list.

At present the guidelines are intended to help educators maximize the

effectiveness of a spicific computer simual+Jon. The writers envision a time,

..vhowever, when a' particular set of.the teacher's blassrCom objectives might be

.

attained with/two or more highlY polished computer.simulations. The guidelines
N'
could then be used to make a tomparative jUdgirent ahout the-relative qqaliEy

of ihe simulations.

16
4
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For. these reasons his document-shobld be considered to.be a.working

.paper. Uders should f el free to dapt ihe guidelines:to theirs own needs.
1-

:Thetauthora invite cr ticism of'this Work, and will be gratefur for all .

suggestions.

1..

Pr'



Section A: For the CurriculumPlanner

.2

Section 'A isdesigned to be used by the curridulum planner to evaluate

cOMputer simulatiOns that he and his teachers have agreed to use in an
4 -7:!'

educational setting, Wiled the teacher has the interest and time he may
1.

compiete Section A hi!mself. :If the answers to the questifons in Section%
'A

e ,cannot be found in the:materials accompanying the computerlsimulation, the

curricul4m planner oy-teacher'must provide, them.

The objective is to psovide,thirteachers.who'USe the domputer simupitinft
.

4

with opaytof the intormation,they need to maXimize the effectiveness of
. v

use. In every case the questions should beedonsidefed one who hasIn

,

mind a specific teacher inia specifiC cours'e WhoNis working with a Specific

group of learners.

e

How does the computer simulaetT fit intosthe instructioealEetting?

.

1.1 In what clasa,or-setging will the computer simulation be used?

'I,

1.2 HoW will the computer simulation be, dsed in ihis setting?*

1..2.1 'As A learningractivIty in a pre-existing unit?
,

"1.2.2 As a supplementary or enrichment activity?

1,2.3 As a unit complete in itself?

1.2.4 As one of a series vf learning activities incluçied ih

its own special unit?

:1.3 Does the intended use of the codiputer simulation ind
decisions based odersingli. set bf results, or does
comparison of two or more sets of results? 1

. Is the simulatiOn itself adequate and appropriate? '
1

2.1 IS there a reasonable agreement\betWeen the simula icin and

reality? (How had this judgmentbeen made- and by whOm?):

Will ihe simulation then allow yO to carry out t e intentions

stated in 1.37

.2.2 Is the logic and conceptual complexiyof the s ula ion

appropriately matched to the users'?

Cate user-
t necessitate

13
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2.3 I* the', reading style- and leading level

2.4 Doea\the'simulation creat context
and decision making?

,

3. . Does the comOter simulatiOn p,
addressed priharily to the' tea

1ff soi\dothe apthora: \

\ -

3.1 Care ully state the inte ded outcomes
used a a learning'acti ty?

ropriate fof-the users?

f r the discusrion of values

ckage contain off-line 'materials

her?

\
3.2 Clearly'

required

3.3 Clearly expl in the mO el
t.
upon which

-
the Comkter'simulation

'is based and rovide etidence.that the factual materials

addressed to t e teac r are true and'complete?

3.4 Statg the amOunt of udent time heeded io omplete a-typical"

.run,pr series of run ?
. .

tate the basic/background
eaqh student who will-use the

of the computer simulation

skilla and, knowledge
computer simulation? ,

3.5' Suggest the optimum s(tudent use of the program? ShOuld t*
student have free acc ss to the terminal?, .

3:6. Describe the amount o compuier.time Tequired on a typical
system to make a run, or series of funs, and estimateAts
dollar cost? ..

-4.

3.7 Provide an annotated bOitography arfanged topically?

3 8 (When appropriate): Suggelt where td find data to alakrthe
computer simulation locally relevant?

.

.*k=

3.9 Provpde performance data on'kevious use of thaiitulation?.-
%

3.10 (Whenlhe computer simulation is to be used as part of' a-
special unit): Offer a suggetted.unit plan?

3.10.1 State the objectives of the unit?

3.10.21' Desdribe what'the teacher should know before teaching
the unit?

3.10.3 Suggest a lesson plan for the unit, including an ,

extensive list of possible films, speakers, field.trip
sites and otheeresoUrces? .

4. Does.the computer siMulation paCkage Contain off-line hatetiala
addressed primarily to the student?
If at), do the authors: .

,

4.1 Provide the student With the necessarylumkground knowledge and
skills he needs to ftilly understand the computer simulation?
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,

4.2 (tate.and'clearly explain' the assumptions upon which.the model
is built?

k

4.3 Explain,the simulatioitparameters, nd disduss the constraints
oh input?

ShoW a step-by-step-simple computer run, and include an
4

interpretationofresults?

4.5 Suggest appropriate problems to iolveand questions For.answer?
Are these prollided in satisfactory quantity? Ake 'there some
probtems-Ilyery student,should'solve? 'Are the Problems
appropriately open-inded? Do.these problems sometimes-cause
students to.make valUe judgmedfs?-

4.6' Puggesh.adiiti 1 resources (grouped topically) a student can
obtain forfurher sfudy?

4.7 (In an appendix): Discuss the limitations of simulations in
general, and, this one in particular?

4.8 Finally, is the reading' level of these materials alipropriate
fen' those who will use theM4

,

N
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' Section B:. For the Classroom Teacher

This section is to b Completed by the teacher who will use the --

comliUter simulation with fstudcnts. The'questionl.he answersmay serve only'
,

.
-.ft.,' .

_

to formalize what. he'already intuitivey knows abouIt his students, sch ore d

,

communiry. But..th.\ is data,'torther with the/Information prOvided.bY
.

,.

w ,

_curriculum plinner, will'help.the teither decide-how to Imaximit ihe lea i g
.

. ..-
.... ., ,..,

he seeks.to aohitve with the help Of theCompurer:siWmlationt .,

' I O' 1 .. .

1 * ,

-
14hat is the'Clai setting in which the computer iimulatIon will be
used?

.
.

. I.

1:1 ,How many students are in the class?.

1.2 what is.the length'of the instrucrional periOd?

/3 How much time has been allocated for instructi6?

1.4 How many terminals are,availablef'

1.5 How much computer time.is availaple?'

1.6 1Fa there schoolwide constraints that limit the range of
-possible student activities?

ol

10.

1.7 Poes each student have access eo_offAine materials?

What are the group characteristics of the learners?

2.1 What is their reading level?

1..
2.2 What is their background in science? In social studies?

2.3 Do they have experiencaon the computer system?

2.4 Are they already thoroughly familiar With the content of
the computer simulation?

2,5 What is the level of the group's maturity and social attitude?

2,6 Do the learners have the ability to.interpret data?

2.7 Do the learners have a fundamental comprehension of the
experimental method?

2.8 Do the learners have.the ability to synthesize.?
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3. How much, time will he reserved for values education related to the
simulation? What kinds of:issues will be raised?

4. How will the students' pefformince be evaluatedt

5. How will the students provide feedback about their experience with
'the simulation?

. . . w
. . ..

6. (When thea c mpuier simulation is to be ,used as part of a. special.
unit): Wha ".kinds of cordnunity resources and material's. Are available?

6;2 AUdio7visual materials?

6.3 Materials and speakers from local groups?,

6.4 Library resouraes?

2

a
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1

III. Examples bf *the Use of the Guidelines
_

The following pages give examiles of the use of section A of the'
- 16

Guidelines. Spectfic respodses arf given, to specific questIons, a4 concern
'%.

thelproposed 'Use of the computer- simulation POIAT. Thi examples are included
. - ok. .

. .

because they show how the Guideline questions:can serve to generate datwthat,

may be helpful to the curriculum planner and the teacher. We have ootfined

our examples solely to Section,A because the responsesbto Section B would bt.

of a narrower scope suited to a particular teacher in a particular ciassroom
,

setting.

All of the examples given are responses to SECT/ON A, question 3 ("Does

the computer simulation package contain.ofD-line materials addressed primarily

to the teacher?"). That question,.and'Avestion
;

4,("Does the computer simulation

\ .package,contain off-line materials addressed.primarily to the student?") are

prescriptive. _they reflect the authors' concept of adequate off-line materials.

"to. when the off-line materials are inadequate, considerable time will,be.

requiretto upgrade them In fact, if to off-lite materiali accompany the

iimUlation, the majority of the planning team's time will probably be spent

wrUing thetqH

A te4Piay be satisfied with at incomplete analysis of a,computer
,

simulation prior to its.-first use in the classroom.. 'The ideal method would

be to complete athorough.tilysis of, the simulation before its in ial use..

But time.consaaints could fOrce the team to complete the guideline n stages,

over a period of two or three uses.

The usd.of the guidelines requires a team effort. The team is comprised

of curriculum planners, subject specialists, teachers and studInts, and each

may be expected to shoulder some reaponsibi,lity. Shared responsibilities reduce

10

the effort demanded of sty one individual.
, '
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The examples included required'about two to three hours to complete. While

-.

,the time.investment is admittedly latge, potential usera should find that the\

. .use of the guidelines need not require'an inordinate time commitmene of sanSr
. -

-one individual. ,

- -
The followin is/one curriculum elanner's. e

The questiomeska: "Do theeut rs clearly state the hasic_backgrougd skillavand

onse to SECTION A

lb

_

uestion

kivwledge required of each student who will Use the aomputer simulation?"

'The planner is helping a teacher who intends to use the HUNTINGTON II

simulation lita as part of a comprehensive unit.on water pollution. The unit.

will be taught to a senior high school biology class. .Scnce the planner could

nat find apj.cab1e data in the off-line mateiials, his answer to the question

. was "no", 7id. he formulated the follawing statement of prerequisite skillb

and k edge of the stfident. 4
1.. The student understands all of he terms and units uSed in the

'simulation (and knows local e,çLmples of waterways,.temperatures,.

2. The student knows examples of wastes discharged by various

eindustry group nd treatment plants.

3. The s dent understands the processes of waste treatment.

4. The student understanda the effectiveness of primary,and

secondary waste tieatmeni in terms of reduction of BOD.*

5. The(student understands the waste' decomposition process.

(

* BOD - Biochemical Oxygen 'Demand. ,%A measure of organic waste load...which
indicates the amount-of o7cYgen drawn upon in the process of decodposition
of waste." The amount of oxygen demanded is partly dependent on the type
and quantity of the waste. The characteristic BOD value of a degradable waste
is established by careful experimentation under controlled laboratory
condiiionsP.

.4;4
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.
Thi.student understands the role of dissolOd oxygen nmaste

decdmposiEion...
.

Tha udent unders.tandskthe BOD7124gen-dagfaiodel
f
*'

. , . ,!, tJ a

.1

The,iitident:IknOwsthe rela4eqehip betWeen'oxygelitonnOntr4tiOn
.

And the acti ity of fish,. 1

- r

The student understandsvateichemistry.

. -
lg. The student knows the effects Of water on various. pollutants;

11. The student knowt the effeetnf water temperature on the amount

'oE'dissolved oxygv, and-the rite of waste 4ecompOsition.

12. The student can cons,truct_graphsfroM.tabular data, and can,read

tinderstand,Simple Line graphs. -

13. ,The student understands.experimental.method and the advantages of

controlling variables.

14. The:StUdent's'required level of understanding must in each instance

be set either intuitively Or more formally by the teacher.

The same curriculum planner responded to SECTION A, ques.tion 311.1. The

questiOn ,"Do the authors state the-objectives of the unit?"

The planner found several objectives, which .he felt were well stated, kn

the offline materials accompanychg the nomputer simnlition. These objectives

are listed.below as citations from the Teacher's Guide. Howeyer, he felt that

the given list of objectives should be supplemented. ..The supplementary

objecfives are fully written out below as items 2.1, 2.2...5.1,5.2...etc..

_
.

1. (Teacher's Guide;. page 3; Objective

*BOD/Oxygen Sag Model. A model of the dynamic relationship between BOO
and Dissolved Oxygen (DO) in a stream, first proposed by Streeter andlohelps
in.025. After a degradable wasco-is discharied at a specific location in

4. flowing water, 'decomposition anO/reieration produce first a deciease and
then an increase in DO (over time).as the waste is,cirried downstream. 'The
model prescribes a quantitative relationship between ROD and DO.8

- ,
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g'. % r % (...- wt ,
escribe the'effects.of.each.of the followin vatiables on,

. _ . . ..,
i. ...

.watersi:CsabAkity to finale igate6.f. .

-.,. .
i .

. , . ,

thi-ipipe wii4e1);

-2.2 the watei.temperature;

.k

2,3 the type of waste rgeased into the Water;

J4t.

2.4 the rate"of dumpihg.of wiste;

2 5 the type.of waste treatment./
.

16.
3.. (Teactier a Guide; page.3; Objective #3) ,

4. .(Teacher's Gqide; page 3; Objective

5. Given an instance of water poltUtion, the st6ient canAo ;he
following: -

5.1 provide a crisp 'statement of the proble3g,,,trt5.2 s some'areas where more data is needed.;

7

5.3 dederibesome alternative courses olfaction;

5.4 -describe impediments to tht implementation of the'solutions;,

select-a single alternative, dietl:
-

, ,
5,5.1 povide a justification of its selection (perhaps usirm

. ;data generated by POLUT);
;

identify several interested Parties and describe.their
feelings and attitudes toward the pApblem and proposed
solution.
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Ak

The same curriculum lanner res ondid to SECTION A uestion

The qUestion aaks: "Do the authors describe whit the teacher shOuld know

before teaching the unitn Since the planner could nOt find applicable data
;

in the off-line materials, he wrote the response included belov4

The teacyr should have a complete understanding of the.things the
student is expected to learn.' The teacher should be especially
knowledgeable about the following topici:

1.1 the effects of dissolved oxygen on fish activity;

": 1.2 ihe BOD/Oxygen sag model;*

1.3 the proC74aes of waste treatment;

thecharacteristics. of various types of waterways;

1.5 .fhe effects oi water on wutes;

1.6 the, properties of-Uster. .

2. The teacher should be familiar with the POLUT simulation and with 'the
use'of the computer terminals. He should be'able to anticipate and
solve minor problems in using the terminals and the computer-baled
simulation.

3. The teacher should have a knowledge of.local wa
pollution problems and situations to uSe as exa

e treatment and.water
les during instruction:

4: The teacher should understand the limitations o
and his students.

both the simulation

5. The teacher should have a clear idea of the desired outcomes of
instruction.

I.

V .

* See footnotenn page 22. .

I
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lhe same curriculum planner responded to SECTION A, question 3.11.3. The

question asks: "Do the authors suggest a lesson plan for the unit, including

an extenein_ltet of essible films, speakers, field trip'sites and other

resources?" Since e planner-could dot find applicabledata in the off7line
.

materials, he has written the Ample lesson-plan included below. The individual

teacher may reject the plan in its entirety, or may select those parts of.it

that he chooses.

DAY' ONE:

DAY TWO:

Trip to sewage treatment plant.

Class discussion: (1) processes of waste treatment; (2) role
of oxygen; (3) BOD and BOD/Oxygen sag model;* (4) types of
waste; (5) types pf water bodies; (6) water temperature vs.
oxygen concentration; (7) oxygen concentration vs. fish
activity.

°DPAY THREE: Trip to water treatment plant.

1001 FOUR: Crass discussion: (1) finish topics not covered- on Day Two;
(2) introduce students to computer system; (3)4 introduce.
POLUT tO students. Hand out specific probleme,prbe sorited

. with POLUT,

DAY FIVE:

DAY SIX:

DAY SEVEN:

DAY EIGHT:

DAY NINE:

DAY TEN:

DAY ELEVEN:

Students work with POLUfi.

Class discussion: (1) help students graph data; (2)'help
students interpret individual graphs; (3) students share data--
teacher helps students synthesize results. Hand out open-ended
problems to be solved with POLUT.

Students work with POLUI

Class discussion: (1) results'of yesterday's work; (2) experimental
methodology; (3) aseumptions of the Isimulatiod.

Trip io local polluting industry.

Class discussion: (1) impressions frOm yesterday's trip;
(2) prepare for,role playing game,**

Role playing game.**

DAY TWELVE: Role playing game.**

DAY THIRTEEN: Evaluation.

* See footnote.on page 22.

** Given in Appendiz C. - 2 8
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The followin s another curriculum lannerls res onse to SECTION A'

question.Lll.3. The question asks: "Do the authors suggest a lesson plan

for the unit, including an extensive Iist of possible films, speakers, field

41
trip sites and other resources?"

The planner is helping a teacher who intends to use theHUNTINGTON 'II

simulation POLUT as part of a comprehensive unit on water quality. The.unit
-

will be taught to a senior high school environmental science class. Since the

planner could not find applicable data in,the off-line materials, he has

mittten the sample.lesson plan included below. The plan is merely a topical

outline, and does not include.actual teaching methods and materials.

FIRST WEEK:

Water lab: An investigation of samples of local waters. The samples are

tested for turbidity, pH, dissolved solids and microscopic life.
Discussion qf the chemistry of water. This would include the chemicil

formula of water, it4 specific heat, the process .t7rrole of
dissolved oxygen, typical aquatic organisms and a food web and.,
man's uses and proposed needs for water in the future. Appropiiate

audjoo-visual material should be used.
Field trip to a water treatment plant or a.model of a plant in classS.

* SECOND WEEK:.

Discussion of waiie degradation in Water; BOD4* types of-wasteand their
effects on natural systems.

DiscusiAiewage treatment.'
. Field tripto local siigage treatment 'plant and/or major water using industry.

Introduction to and discussion of POLUT simulation.

THIRD WEEK:

Work withZOLUT simulation: Students will be given specific tasks (indi-vidually
or in groups) to determine theeffects of the parameters available
for change.

Discussion and comparison of/results of changing rariables in POLUT.
Work with POLUT simulation: Students will be given (individually or in

small groups) open-eyed projects dealing with water quality
and report to the class as to their solution for a particular .
problem including their reasons for the choice.

* See footnote.In page 21.

zt)
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FOURTH WEEK:

Discussion or ou*siAAOpeaker on water quality laws and/or 41104 pollution
PrObjlems ind possible solu4ons.

Role playing* and/or,:designing ad campaigns against water 'pollution.

* Given in Appendix C.

oP

d 0



Appendix A RevieW.of Past Work on"POLUT

I.
'The work of the authorS on.POLVT extends.the efforts of Others that

began in 1972 at the UniverttJ*'Of Illinois. At that time the original

programming and writing'of POLUT had just been completed by Ludwig Braun and

others" at the Polytechnic Institute oflirooklyn. .

,

The Original version of POLUT was programmed in BASIC, but.in 1972

BASIC was not.available on an interactive system at the'University,1 However,

PLATO watC available Consequently, a team of students, working under the

supervision of one of the authors, adapted the BASIC version Of POLUT for

PLATO IIL'.5

By the fat 1973, PLATO-III had been.discarded in favor of the more

powerful tem. At that time a_second team Of.students, George

Carter and Kathy Aubsam, worked with one of the authors to,reprogram #OLUT.for

..PLATO IV.1/' *Their,goal, was 'to combine the BASIC POLUT logic withmany of tbe

off-line materials in order to produce a PLATO lesson. Kent Richardson later ,-,,e,.

evaluated the PLATO POLUT with resliect to the ;earning objectives printed in

the BASIC ieacher's Guide: He-subsequently suggested changes tobe made

the PLATO POLUT to upgrade its efiectiveness.

Carter and Rubsam were the first to compare the PLATO POLUT with the

original BASIC POLUT. Their report favored PLATO becausi of its.dialOgue

capabilities; its fast output capability which allowed textual material to

be invluded'with the simulation; its graOhioal display capabil.tties; and its

cipabilidy of c011ecting student performance data.

Poring the 1411.of 1973 BASIC was added to an interactiye system (FLOATS)

at the University, of.Illinois.' T4se4iVelopment a wed a wo'rkinAersion of

, N

..the 4sIc POLUT to ge compared withithe ILATO version.
!7
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2
Acgela Buske and Greg Lyons,'a third team working with of the authors

4 /

compared an imprOved version of the PLATO POLUT with the BASiC vesion. Their

report again favored PLATOtver.the interactive BASIGAwstele(PLORTS).

Briefly, their reasons were that PLATO was faster, more flexible and had

. .

better .and tore attractive displai.tapabilities: The hard copy outpUt:

feature was cited as an advantage for'PLORTS.

Buske end Lyons.also proposed nunerous changes for both- the BASIC

and PEATO versions of POLUT Some of their suggestions might be-loosely

termed lilesson design" changes. These intluded for example, a proposal' to

extend the time scale of the graph of restilts. The remaining suggestions

might be classified as "pedagogical" changes. Briefly, these included:

(1) expanded lesson guidance for students; (2) more clearly state objectivei;

(3)-explanation of assumptions and model during instruction;, (4) extension of

the simalatien intothespolitical and economic arenas; (5) better explanation.

.

of.the parameters; and (6) tying the parameters to local conditions. Each

of these pedagogical changes has influenced the changes the

i
thors advocate

..

elsewhere ,in this paper.

.The authors of the present paper favor the FLORTS version of FOLUT for,

high school students. First, and most importantly, we feel that a perManent

record of the parameter choites and results, available from the PLORTS

hard copy output, is a necessary and Convenient reference for:high school

tudents.* Secondly, we favOr.the adaptability of the PLORTS system. A.

portable teletype, taken,into the puhlic school, can be couPled to the

computer via the telephone. Students can enjoy the simulation in their own-
;

clissroOm. The.nature of the PLATO system requires high.sthool.students at

present to travel to the University campus to use one of the PLATO labs.

* Hard copy vailable from a few PLATO terminals.

32
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' Thirdly; POLUT Aoes not require any of the high-speed nuMber crunching and

yersatile'geaphic diaplays that PLATO offers. We are.suggesting elsewhere that

POLUTis graphical' display of resat& is ambigOous and unnecesSary.

ir 4

Our conclusionishould be tempered, howevet,.by the observation that

different userEf have different needs.. Probably no abaolute decision as to

the desirability of a single system can be made. ijecision must be reached

on the basis of intended use,-user characteriitics, cost, etc., and ill vary

from one school situation to another.

'e..



Appendix. .Prop?sed Modifications of the POLUT SiMulAtion" Materials

The changeawe shall suggest here are numerous andalso'varied in cha cter,

coming as they:do from a teview both of the technical content and the computer-

assisted pedagogy of the-simulatidn. This number and variety of worthwhilt

a

modifications of an already well-developed simulation shbuld remind us of

several facts about computer simulations; first, experts in, the relevant

science or branch of engfneering or other specialty muit work with teachers

, and simulation designers- in continuing efforts to perfect a simulation;

4
/ second, the criticisms and improveme s developed for one simulation

may often suggest criticism and subsequent i rovements for other simUlarioUs;

If
and third, as mentioned earlier, the decis on.as to the final form of a

simulation and its off-line materials that s most suitable for A given class

shoULd ideally be made by the: teachers:or. e curriculum supervisor 'responsible

for tilatjclass. (We siy "ideally" because limitations of time, energy and

expertise may prevent theetaff of a school: frowmulding a simulation to itd
-

best fit to a giVen Class.)

Proposed Modificationsof the POLUT SimUlation Program'

1. Include an option which would, allow the user to request that only

the data for,..a steady state simulatei. situation conditions be

printed out.- Tip. display of time-dependence is interesting and 'may.

j) hav o. subsidiary value as a method of teaching graph:analysis, but
. .

water quality experts are interested primarily-in wAat the final,

steady-staph conditions will.b

2' Include test for steady-state conditioni in the table print out

similar to the test in use at present in the graphing routine, which

stops, printing when constant levels have:been reached.'

3 4
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-3. CkarifY oi chang6' the unit for the waste concentration.parameter.

Thg unit "parts per million per day" is ambiguous, confusing and ca

be easily compared with data from other sources. Changing the unit to

emilligrams/liter", a standard measnrement of waste contration would

"S

alleviate this.

4. AltOw a reiter range of input paiameters, which would make the program

more f exible. For example, flow fates (in cublc feet per 'second) or

10

,

,- ' amountsof vi6oAr (the aiea-of a lake) could be used to define bodies
.1

. .

. of water instead of the rather vague terms used now (large, small,-

fast flowing,...).

5. There also seems to...be a need to check the model

-or incontistencies. .Several of the w r qualit

t
the program had serious qtlestion concerning the'

itself for errors

y experts who reviewed

-assumptions and

equations involved in the model. 'For example, the mathematical model

ih POLUT does not represent transient conditions adequately.

Proposed.Modifications of the POLUT.Simnlation Off-Line Materials

t .

These modifications are made with the existing progrem,in mind. Any '

program modifications may require further changes in the off-line materials.

.1-liodifiCaticssa/the Resource Manual:

,

1. Generally improve the readability pf the text. The unit is designed

for use a't the secondary level%ut4any of the informative passages
4

1r

, are taken 'almost verbatim from the original sources and are exceedingly

dry. A greater use of examples and anecdoEts would help to alleviate

thigproblem.

2. Include some discussion of the values tn9lved in water quality decisions

and the types of trade-offs typically made in real world situations.

1.
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3: Define and explain the input parameters more clearly. This would

include giving acceptable ranges for their values and relating these

values to local water.bodies, effluent discharges, etc., as exampItt.

4. Incluje a range of approximate costs and effectiveness of the

various waste treatments.

5. Provide information as to where and how 16asurements. of. waste%

concentration'and dissolved oxygen levels would be taken in a real,

analogoda situation.

6. Discuss the general., hature of siiulations, stressing that' they a

jUst_that,,imulatiOns, and not exact models.

7. Explain the assumptions in the simufation and:-whilt factors hay

.been taken into account that do affect wiNpr quality.

8. Give:better explanations of the computer output with spdcialoemphasis

on the analysis of the grapteand relatingfthe readrout data to lode]. .

water bodies.

9. Provide a topically.arranged or annotated listing of references so

;that help n specific topics can be'more easily found.

A possible revision of pages 2 - 3.of the POLUT Resoiirolealenualvwhich

includes some of the above modifications is inclyded here: 15

Bodies of Water

Fresh water occurs in many. fonms: Some of these ate:

1. A lake is an inland body of water. A large.lake is one witb a

surface area of more than 25 acres. Lake-Shelbyville would-be

classified as a large lake.

2. A pond is an inland body of water xhat is smaller than a lake.

A large.pond has a surface area of between 5 and,10

Eauffmann's-Clear Lake, west of town, is an example of'a larie

pond. 3 6'
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3.. A riVer is a,movinebody of water which empties into-a lake,

another river or"an ocean. Most rivers in-IlIinois, because of

the level terrain, are considered'slow Moving rivers.,

4. A stream is' a ?Wall river. .

5. An estuary is an inlet or arm of the.sea, especially the wid

mouth of a river, 4here the.tide meets the.river current. .

The. type.of:body of water is very important when. considering

the dumping of wastes, The larger the.boly of water the more water there

is to dilute the waste and' minimize any bad effects. Small bodies. of

- water will become polluted more quickly because they contain less water

and aleo change temperaeure =ire easily (since there is less water to
ft

,heat or coa) and therefore have greater seasonal variations of temperature

than do larger.or deeper bodies of water7-:

. .

One of.the most important differences among various bodies of water

is the.speed with which they,absorb oxygen from the air and the amounts

of dissolved oxygen available for fish or otthk. organisms. Generally,

the larger the body of water, that is the greater the surface area of
;

tlie,body, the higher it's oxygen content. Thus, if all other factors

(temperature, waste level,.etC.) are the same,,a large lake Will have about
j

24/2 times aa much dissolved oxygen as a large.pond.,. Moving bodies

l
generally.have higher dis olved oxygen levels than still bodies Of,waer.

. This is beCause the surface s more turulent or rough and 'more water can
.:

come into contact with the air. The4rmaigher the surface of the water the

more easily it will"aerate" or take in oxygen. :Thus, if all other factors

fare equal,.a slow nioving river will have 50 percent more dissolved oxygen

than alarge lake, and a fast moving river will have Wire as much

4issolved oxygen as a slow moving river.
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IL, Modifications of the TeaCher's

1. Provide greater detail and listineof supplementary activities

to the POLUT simulation with particular emphasis on laboratory

experiences and values education.

Note: Outlines og possible lesson plans for,units involving the POLUT

4

simulation are included on pages 25 and 26.of this paper.

Modifications of the Student WorkbOok:.

. ,

1. Provide a wider range of open-ended value orientation type questions.
,

Note: The preceding proposed modifications are intended to be general.

Any individual teacher'using the methodology provided in this'paper

*may develop other modific ons,,deletions or additions to the

existing material. The most important considvation is that the
\ .

I.

materials finally developed are well suited for the. particular

classroom situation'in which they are-to be Amed.

3 8
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endix C: Outline of A Role Pla in Game on Values OriAtation

The following is an outline for a role-playing game originally intended

for use in a 'nit involving the HUNTINGTON If POLUT simulation, but it may
A-

be applied in any environmental decision-making situations.

The objective of the game is to allow students to clarify the.values

involved in a water quality situspion and to see bow the dedision making

process works when questions of water quality are involved, Particular emphasis

is placed ontrade-offs involved in any analogous real-life situation.

It Is assumed that the students participating in this exercise hove a

adequate knowledge of water pollution,-thedlactors that affect it .laws

govering water quality and technological -solutions to water pollution.

The Roles are:

Members of the Board of Directors:

Their objectives are: To prodlice a prodOct at minimum cost snd sell

large amounts,of a produot inorder to realiza,Xarge profits

and stock dividends.

Membe s of Local Environment- Group:

Their objectives are:

General Public:

To maintain waterand land qUality as nearly as...

possible in their natural conditions.

Their objectives are: To have a high standard of living (a good job and

low ides) and maintain local recreational facilities.
.

News Mega:

Sy

TheiC,objectives are: To publicize the issues arid stands of the conflicting.

parties and conduct informal polls -of the publid.

:39



The Game:
,

To begin the gaMe-a situation must be developed.in advance by the,teacher,

:preferably one with local significance. The Situation May inci,ade', for):C

example, the'building of a new addition to a local food processing plant

or the.bond issae necessary for a new sewage'treatment plant.

ApproxiMately'three students,. dePending On ihe class size, are chosen .

as HeMbers of ,the Board of DireCtors of.the,company and are inffaVor of the

move. They will be given information concerning the coat'bf the building,

the coat of treating any waste prodacts, the amount ofwaste expected and

the.type.of waste.and the economicAlipact of the.building on the community

4 w - t

(the number of jobs created-, per capita income increasei, etc.).
4

A'like.group of students will be 'chosen as Environmentalists. .ahese
_

.will be even inforMation regarding the envionmental impact' Of the building

and the costs of mAlntaining fhe area in.question in it's natural state or

. modifying it for recreitional uses.

imiiar
('

group,Will be chosen .as representat/ves of the media, who will

report on Any-4nformation giveh 'by the two fact4ens anch-surVey the public.

It May te desirable t work out sohe Soit of Credit system whereby the
-

groups may "buy" time on the Media. i

e

The remainder of the,class is the general public, Oho will.vote at the

'end of the session to ecide the issue, . They.may beacting as themselVes,

as if jUdging a debate,for be given Specific,roles to'play. For example,

o
one student'Could play the partaf'a.4Tyear old.worker who isemployed bythe

COmpany in question, Nito has an annual incOMe Of $14,000, has four children

and whose favorite hobby is fishing. The.student would then be expected.to

.vote as if he was the peribn described.and could.be.asked to give his
, .

4

reasonsifor the way he vota.

4 0
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The Directors and Environmentalists should be given the necessary

information in advance Of the first session so they will have time to prepare

presentations. These presentations might's include posters, slides, films or

other means of information dissemination.

The game itself has five,sekrate sections which may vary in length of

time depending on the size of the class, the complexity of the issue and the

time available.

Part I: setting the Problem

slibannouncement by the Board of Direciors outlining the proposed,

2'

, project ahd the benefits the community will secure.

A "bort announcement,by the Environmentalists outlini#g'dtheir position.

.pfirt III Campaigning

Each faction tries using whatever means they choose to influence the public

to support their view. The fiewspeople can podt news 'leaks' on 'the

black board as they occur and conduct an infnrmal survey of public

opinion._

Part III: Clarification

The Newsmedia produce the results ofthair'alfsiiY and analyze the positions

of the opposing sides.

part IV: Eitel Arguments

The Environmentalists present further data supporting their'position.

they do not necessarily hdve to be directly opposed to the move by the

company but could just be pushing for some modification of the existing

IF
plan. The Directors make their final statement.

Part V: Voting

A general show of hands determines the'outcome of the diecussion.

Several situations may:be invented so that each Student has a chance



-39-

to play several of the roles.

Note:- This is intended to be merely a working outline or idea sheet. It

is expected that the classroom teacher will make whatever modifications he

or she deems necessary.

The types of situations which may be used as the focal point of the-
discussions is also purposely leftsvague so that the teacher, perhaps with the

help *of a group or groups of students can prepare si uationi that are locally
6

relevant.

In.conjunctioh with this exercise it might be possible to visits city

council meeting where environmental issues are being discussed or to have members

of the community who participate.in the decision making process of the community

come to address the class.

Alternatives:

Should tha teacher find that role playing is inappropirate for his or

her class there are other methods useful in clarifying decision making and

environmental values.

Some of these alternative-exercises include:

Having the students, individually or in groups, design advertising

r-
campaigns in support of some environmental principle. These may

include posters, news releases, scripts for panel discussion or any
-

other method of comminication that is aimed primarily at the dffeCtive

rather than-the cognitive domain.

Having the students write poemA or even plays which deal with some

environmental issues.

There art other materials which allow the student to gain a feel for the

decision making prOcesd in government and an appreciation of some of. the

4 2
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values inherent in environmental questions. 'These include the HUNTINGTON II

simulaiion, POLSYS, and such board gameä as ECO.NACRES and THE POLLUTION GAVE

among others. The section.on these (see Resources) may, of cour4, 'be used in

any combination-with both POLUT and/or the role playing scheme. Th&most

tmportant point is that;the teacher-feels the activities fulfithe

classroom objective he or she has setsfOr the class.

SE-894

BH:ds

7,1
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Resources

These boatd games, wiliCh may be of usei are obtainable from the following

places:

ECO-ACRES; Educational Services Division of the Maine Public Broadcasting
Network.

EXTINCTION, University of Michigan, School of Life Sciences.

THE PLANET MANAGEMENT GAME, Educational Research Coudcil ot America;
POlished by Houghton Mifflin Company, Boston, Massachus4ts. .

THE POLLUTION GAME, Educational Research Council of America; published
by Houghton Mifflin Company, Boston, Massachusetts.

3

4 4
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